Background: Recognition of MetS in type two diabetic patients is important in starting the appropriate preventive and therapeutic measures. The commonly used definitions of MetS have similarities and discrepancies. Different definitions defined metabolic syndrome differently. IDF, WHO, NCEP-ATP III, and the harmonized definitions were used frequently to determine the prevalence of metabolic syndrome. Objectives: This study was aimed to investigate the prevalence of MetS and its associated factors among patients with type 2 Diabetes Mellitus using four definitions and to identify the concordance and the difference of these four definitions. Methods: A cross-sectional study was conducted from February 28 to May 30/2017 at Hawassa university comprehensive specialized hospital. The study involved 314 study participants selected by simple random sampling technique. Logistic regression was used to determine associated factors of metabolic syndrome, and kappa statistics was used to determine the concordance between different definitions of metabolic syndrome. In any cases, a p-value of <0.05 was considered to be statistically significant. Result: The prevalence of metabolic syndrome according to IDF, WHO, harmonized, and NCEP-ATP III diagnostic criteria was 59.9%, 31.2%, 65.6%, and 70.1%, respectively. Our study found the maximum agreement between IDF and NCEP criteria (K=0.54, P<0.001) and IDF and Harmonized(K=0.65, P<0.001). Uric acid level was associated factor of metabolic syndrome by all the four definitions, and total cholesterol was associated factors by the three definitions. Conclusion: The prevalence of metabolic syndrome varies based on the definition used and the highest prevalence of MetS was observed with NCEP-ATP III and the different types of criteria do not always diagnose the same group of individuals.
Introduction
Diabetes mellitus (DM) is a group of metabolic disorders characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both. 1 Diabetes is an important cause of blindness, kidney failure, lower limb amputation, and other longterm consequences that impact significantly on the quality of life. 2 Type 2 Diabetes mellitus (T2DM) is the major type of diabetes that increased the morbidities from non-communicable disease and lead to a different form of complication.
Metabolic syndrome (MetS) refers to a constellation of metabolic risk factors which includes elevated waist circumstance, insulin resistance, elevated triglyceride (TG) levels, decreased high-density lipoprotein cholesterol levels (HDL-C), and elevated low-density lipoprotein cholesterol (LDL-C) levels. [3] [4] [5] T2DM are often manifestations of MetS. 6 The syndrome directly contributes to the appearance of T2DM and it is one of the main contributors of death from atherosclerosis among these patients. 7 MetS was highly prevalent in patients with T2DM compared to non-diabetic cases. 8, 9 Nowadays, there are different institutions that set different diagnostic criteria for MetS worldwide. These include the criteria by the World Health Organization (WHO), the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III), the harmonized criteria, and the International Diabetes Federation (IDF). The institutions have their own general agreement on the main component of the MetS but they differ based on the mandatory inclusion criteria.
The difference in the definition of MetS led to difference in the prevalence of MetS even within the same population. This difference was observed in different studies of T2DM patients from African countries. 10, 11 According to a study from sub-Saharan Africa, the prevalence of MetS in T2DM by the IDF and NCEP-ATP III diagnostic criteria was 71.7% and 60.4%, respectively. 10 This variation can have potentially undesirable consequences for risk stratification and prioritization of patients for preventive treatment. For instance, a patient may be denied such treatment on the basis of one set of criteria, while he would be eligible using a different set of criteria. The diagnosis of MetS in such patients is very important, and leads to a better disease control and prevention of cardiovascular complications.
Because the difference in the selection of criteria may lead to an unwanted complication, observing the difference between the criteria's may help to identify which MetS definition is the best for the study area population. It may also aid physicians to identify which method to use and may help minimize the risk for cardiovascular disorder. The aim of the present study was, therefore, to see the prevalence of MetS among T2DM patients and its associated factor at Hawassa university comprehensive specialized hospital (HUCSH) diabetic clinic based on four worldwide recognized criteria and assess the concordance between these definitions.
Methods And Materials Study Setting And Design
This was a cross-sectional study conducted at Hawassa University comprehensive specialized Hospital (HUCSH) from February 28 to May 30/2017. HUCSH was established in November 2006 and is providing service for more than 15 million people of the region. Currently, the hospital has over 400 beds and offers services at general and specialty level. It has also established diabetic clinic.
Study Population
All T2DM patients attending HUCSH diabetic clinic were source population. Those T2DM patients visiting HUCSH diabetic clinic during the study period and selected based on inclusion criteria were considered as study participants. The minimum sample size required was calculated using a single population proportion formula. There are 1323 registered DM patients at HUCSH, of whom 1015 were T2DM and the remaining were type 1 diabetes mellitus. A random sampling technique, in which every member of the study participants equally likely to be selected, was used to select 319 T2DM subjects by lottery method from 982 active T2DM patients. Those patients who had been taking blood lipid-lowering therapy, pregnant women, patients suffering from thyroid dysfunction, excessive alcohol or other drug abuse taker, current psychiatric treatment, and contraceptive users were excluded from the study.
Data Collection Instruments And Procedure

Socio-demographic, Clinical, And Related Data Collection
Socio-demographic, clinical, and anthropometric information were collected by using a structured questionnaire by the trained data collector. It was prepared first in the English version and translated to Amharic and back to English to confirm the correctness of the translation. A detailed review of the medical records was also done.
The WHO guideline manual 12 was followed for Anthropometric data such as, weight and height, collection. Body mass index (BMI=kg/M 2 ) was calculated as weight in kilogram divided by height square in meter. Mercury-based sphygmomanometer was used to measure systolic blood pressure (SBP) and diastolic blood pressure (DBP) after the participants had rested for more than 10 mins. For those study participants with an SBP ≥ 140 mm of mercury (mmHg) and a DBP ≥ 90 mmHg, blood pressure was repeated and finally, the average value was taken.
Blood Specimen Collection And Sample Analysis
Five milliliters (mL) of venous blood was collected from each study participants after overnight fasting. Then, the blood specimen was allowed to stay for 20-30 mins for clot formation. The specimen was then centrifuged at 3000 revolutions per minute (rpm) and the serum was separated from the whole blood. Finally, A25™ Biosystem random access chemistry analyzer (linear chemicals, Montgat, Spain) was used to analyze the serum for HDL-C, LDL-C, triglycerides (TGs), total cholesterol, uric acid, and fasting blood sugar. All the lipid profile tests were measured by the enzymatic method directly.
Data Processing And Analysis
All data were checked for consistency and completeness visually, and coded and entered into Epidata version 3.4. Statistical data analysis was done using SPSS version 20.0. Descriptive statistics like frequency and percentages were also used to describe data. Categorical variables were expressed as percentages and continuous data as mean (±SD). Bivariate and multivariate logistic regression models were used to assess the statistically significant association between MetS and those independent variables. A p-value of less than 0.25 in the bivariate logistic regression model was moved to multivariate logistic regression to control possible confounder variables. The agreements among the definitions of WHO, IDF, NCEP, and harmonized criteria were assessed with kappa statistics. The level of agreement was categorized as poor with κ ≤0.20, fair with κ =0.21 to 0.40, moderate with κ =0.41 to 0.60, substantial with κ =0.61 to 0.80, and very good with κ >0.80. 13 In any cases, a P-value of less than 0.05 was considered as statistically significant.
Definition Of MetS According To Different Criteria
WHO definition: a patient who are T2DM or having Impaired fasting glucose or Impaired glucose tolerance Plus any two of the following: Fasting Plasma Triglycerides ≥150 mg/dL (>1.7 mmol/L); Antihypertensive medication and/or high BP (≥140/90 mmHg); HDL Cholesterol < 35 mg/dL in men or <39 mg/dL in women; Urinary albumin excretion rate >20 mg/min or albumin/Creatinine ratio >30 mg/g.
IDF Definition
Patient who have a waist circumference of ≥94 cm for men and ≥80 cm for women plus two or more of the following: Fasting plasma triglycerides ≥150 mg/dL or on specific medication; Blood pressure of ≥130 systolic or ≥85 mm diastolic or previous diagnosis or on specific medication; HDL cholesterol <40 mg/dL and <50 mg/dL for men and women, respectively, or on specific medication; Fasting plasma glucose >100 mg/dL or previously diagnosed type-2 diabetes.
NCEP ATP-III
Patients who have at least three of the following risk features to be categorized in MetS: abdominal obesity (defined as WC > 102 cm in males and > 88 cm in females); elevated TGs (≥150 mg/dL); low HDL-C (<40 mg/dL in males and <50 mg/dL in females); elevated blood pressure (≥ 130/85 mmHg) and fasting blood sugar (FBS) ≥ 110 mg/dL.
Harmonized: Patients who have at least three of the following risk features to be categorized in MetS: abdominal obesity (defined as WC ≥94 cm in males and ≥80 cm in females); elevated TGs (≥150 mg/dL); low HDL-C (<40 mg/dL in males and <50 mg/dL in females); elevated blood pressure and fasting blood sugar (FBS) >110 mg/dL.
Result
Demographic And Clinical Characteristics Of The Study Participants
A total of 319 study participants were enrolled in this study with a 98.4% response rate and Majority, 67.0% (n = 211) of the study participants were males. The mean age of the study participants was 49.8 ± 9.8 with a range of 30 to 80 years. 51% (n = 159), 88.5% (n = 278), 68.2% (n = 214) study participants were urban dwellers, married and unemployed, respectively. The majority, 82.5% (n = 259) study participants traveled either by public transport or on foot. 175 (55.7%) of the study participants had a DM duration of less than five year and 114 (36.3%) of them had a BMI of between 25 and 29.9 Kg/m 2 , while 59 (18.8%) of the study participants had a BMI of greater than 30 kg/m 2 . 80 (25.5%) of them had a raised blood pressure.
Prevalence Of Metabolic Syndrome According To The Four Criteria
The overall prevalence of MetS among the study participants was 59.9%, 31.2%, 65.6%, and 70.1% according to 
Agreement And Disparity Among MetS Definitions
The agreement and difference in the diagnosis of MetS among the WHO, NCEP-III, IDF, and Harmonized definitions are presented in Table 6 and the agreement among these four definitions was poor to good.
Discussion
T2DM is an important public health problem worldwide, not only by its increasing prevalence but also because of its associated micro-vascular and macro-vascular complications which severely impact the quality of life of individuals. [14] [15] [16] [17] The current study was conducted to compare the prevalence of MetS and associated factors in HUCSH, Ethiopia by using different types of diagnostic criteria. Such a high prevalence of metabolic syndrome ranging from 31.2% by WHO criteria to 70.1% by NCEP ATP-III criteria in our study population of type 2 diabetics is of great concern as the cardiovascular and other mortalities increases with the presence of metabolic syndrome in T2DM. One of the findings of the present study is the variability of the overall prevalence of MetS among the study participants according to IDF, WHO, harmonized, and NCEP-III diagnostic criteria which is 59.9%, 31.2%, 65.6%, and 70.1%. A study from Gonder, Ethiopia observed a prevalence of 70.3%, 57%, and 45.3% by NCEP-ATP III, IDF, and WHO criteria, respectively, 18 which is relatively comparable with our study. The variation on the prevalence of MetS among these different criteria was observed by other previous studies that compare different MetS diagnostic criteria. 17, 19 The difference could obviously be attributed to different factors such as differences in sample size, socio-economic status, sampling method, difference in life style of study participants, and different cut off value used between different studies. Genetic factors may also affect the prevalence and principal components of the syndrome. 11 A prevalence of 31.2% by WHO criteria was comparable with the study from central India. 19 Unlike our study, other studies showed the highest prevalence of MetS by WHO classification. 17, 20 This could be, apart previously mentioned factors, because of the omission of microalbuminuria as a component of MetS in this study even though it is one component of WHO classification criteria. A relatively high prevalence of MetS by NCEP-ATP III (70.1%) and Harmonized criteria (65.6%) than the IDF (59.9%) could be attributed to the relative flexibility of these two criteria in which abdominal obesity is not considered as a prerequisite for the diagnosis. The degree of agreement, which is measured by kappa statistic, between NCEP-ATP III and IDF was found to be moderate (k=0.54). Relatively the same agreement with our study was found (k=0.51) by other study 10 from sub-Saharan country and Yadav et al, reported a different trend of agreement to our study (k=0.68). 19 The high degree of agreement (k=0.65) between harmonized and IDF criteria could be explained by the fact that the two definitions use the same cutoff values for the diagnostic components including waist circumference. We found fair level of 16 and Benin city (k=0.3). 21 A study done in Sri Lanka showed that the agreement between IDF with WHO and IDF-NCEP-ATP III criteria to be 0.37 and 0.53, respectively, whereas the agreement between NCEP-ATP III and WHO criteria was 0.24 (p < 0.001). 17 The reasons for the similarities and differences among different studies regarding the agreement of the different criteria could be because of the difference in the distribution of parameter used to assess the prevalence of metabolic syndrome in different ethno geographic populations. Another result of this study showed that MetS was prevalent in female, 94.2% vs 32.7%, 43.7 vs 25.1%, 87.4% vs 55.0% and 70.9% vs 69.7% by IDF, WHO, Harmonized, and NCEP-ATP III diagnostic criteria used, respectively, than females. This finding is supported by many other studies. 17, 19, 22 Lone S et al, found that very high prevalence of MetS among females, 90.8%, 87.9%, 86.8%, by WHO, IDF, and NCEP ATP III criteria, respectively. 20 From the multivariate analysis, different associated factor was observed between the different diagnostic criteria. Cholesterol level and uric acid level are variables DovePress that have got an association with MetS at least by three criteria out of the four criteria. Growing evidence is demonstrating that uric acid level is associated with MetS and may have a key role in the pathogenesis of MetS. 23, 24 The association of MetS with the uric acid level was also proven by another study. 25 Different studies also support our finding of an association between cholesterol level and MetS. 25 According to the harmonized criteria, female sex was significantly associated with MetS and is 2.3 times (CI: 1.5-4.9, P-value≤0.001) more likely to have MetS compared to male sex. This finding is also supported by other studies. 7, 26 The reason might be more weight, less activity, and higher prevalence of dyslipidemia in women. 27 From one community-based study, it is reported that women in developing countries have shown a higher clustering of behavioral risk factors than men, 28 which may account for their being more at risk for MetS. Age of ≥45 years (AOR=1.9, CI: 1.1-3.2, P-Value=0.02) was were found to have significant associations with MetS according to the harmonized criteria and this finding also supported by other study from Ethiopia. 26 
Conclusion
The prevalence of metabolic syndrome varies based on the definition used and the highest prevalence of MetS was observed with NCEP-ATP III and the different types of criteria do not always diagnose the same group of individuals. The overall prevalence of MetS among the study participants was 59.9%, 31.2%, 65.6%, and 70.1% according to IDF, WHO, harmonized, and NCEP-ATP III diagnostic criteria, respectively. Different associated factors were observed from the four criteria's used. From the multivariate analysis, sex, Age, uric acid level, and total cholesterol are associated factors of MetS among the study participants according to the harmonized criteria, while regular exercise, uric acid level, and total cholesterol were associated with MetS among study participants according to the IDF criteria. Marital status, hyperuricemia, and total cholesterol level were associated with MetS by WHO classification criteria and the only uric acid level was associated with MetS by NCEP-ATP III criteria.
Limitations Of The Study
The main limitation of our study was the small sample size, which may have limited the power of the results. This was a cross-sectional study which took place in one particular region and may not be extended to other regions. and commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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